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Background: Polyglutamine aggregates can be internalized by mammalian cells and gain access to the cytoplasmic com-
partment, but the properties of the aggregates and cell surface that mediate these processes are unknown.
Results: Introduction of net negative charge and disruption of fibrillar structure greatly reduced the capacity of polyglutamine
aggregates to bind and be internalized by mammalian cells.
Conclusion: Aggregate uptake is influenced by the structure and net charge of aggregates and is mediated by two classes of
binding sites on the cell surface.
Significance: Elucidating how protein aggregates are internalized by cells is important for understanding the pathogenesis of
many neurodegenerative disorders.

The pathogenesis of most neurodegenerative diseases,
including transmissible diseases like prion encephalopathy,
inherited disorders like Huntington disease, and sporadic dis-
eases like Alzheimer and Parkinson diseases, is intimately
linked to the formation of fibrillar protein aggregates. It is
becoming increasingly appreciated that prion-like intercellular
transmission of protein aggregates can contribute to the stereo-
typical spread of disease pathology within the brain, but the
mechanisms underlying the binding and uptake of protein
aggregates by mammalian cells are largely uninvestigated. We
have investigated the properties of polyglutamine (polyQ)
aggregates that endow themwith the ability to bind tomamma-
lian cells in culture and the properties of the cell surface that
facilitate such uptake. Binding and internalization of polyQ
aggregates are common features of mammalian cells and
depend upon both trypsin-sensitive and trypsin-resistant satu-
rable sites on the cell surface, suggesting the involvement of cell
surface proteins in this process. polyQ aggregate binding
depends upon the presence of a fibrillar amyloid-like structure
and does not depend upon electrostatic interaction of fibrils
with the cell surface. Sequences in the huntingtin protein that
flank the amyloid-forming polyQ tract also influence the extent
to which aggregates are able to bind to cell surfaces.

Aggregation of proteins into fibrillar organized megadalton
assemblies underlies the pathogenesis of a large number of

human diseases, including most neurodegenerative disorders
and peripheral diseases such as type 2 diabetes and systemic
amyloidoses (1–4). The ability of these non-native protein poly-
mers to act as seeds that nucleate the incorporation ofmonomeric
or oligomeric forms of proteins or peptides containing the same
aminoacid sequences (i.e.homotypic polymers) underlies the self-
replication associated with prions (5) and is increasingly recog-
nizedasapotentialmechanismfor the stereotypical spreadofneu-
rodegenerative pathology within the brain (6). For example,
migration of aggregated forms of the scrapie prion protein PrPSc
from the intestine to the brain underlies its infectivity, and inter-
cellular movement of PrPSc within the brain is required for prion
replication and spread of spongiformpathology (7, 8). It is becom-
ing increasingly appreciated thatbothextracellular (e.g.amyloid�)
and intracellular (�-synucleinandtau)proteinamyloidsareable to
move and possibly replicate within the brains of individuals with
Alzheimer and Parkinson diseases, contributing thereby to the
spread of pathology in a prion-like manner (6, 9–11). In order for
such spread to be transmitted by aggregated forms of normally
cytoplasmic proteins, the pathogenic proteins must be released
from and taken up by cells. However, despite the rapidly accumu-
lating evidence supporting a role for intercellular transmission of
proteinaggregates inpathological spread inanimalandcell culture
diseasemodels, little is knownabout theuniquepropertiesof these
pathogenic protein aggregates that endow themwith the ability to
interactwithmembranes or the properties of cellmembranes that
support binding to and internalization of protein aggregates.
Huntington disease belongs to a family of dominantly inher-

ited neurodegenerative diseases that are caused by expansion of
CAG tracts within protein-coding regions of genes (12). In
Huntington disease, the mutant gene encodes a variant of the
Htt (huntingtin) protein containing a homopolymeric tract of
polyglutamine (polyQ)3 in excess of the pathogenic threshold of
�35 glutamines (13). The N-terminal fragment of Htt contain-
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ing the expanded polyQ tract (Httexon1Qn) is sufficient to cause
neurological disease in primate, rodent, and invertebrate mod-
els of Huntington disease (14). Additionally, recombinant pro-
tein fragments (Httexon1Q�35) (15) or synthetic peptides con-
taining �35 glutamines (16) spontaneously assemble into
highly insoluble fibrillar �-sheet rich polymers resembling
those that are deposited into intraneuronal inclusion bodies in
Huntington disease. The kinetics of assembly of these polyQ-
containing peptides or protein fragments in vitro into poly-
meric assemblies exhibit classical nucleation behavior in which
the presence of a “seed” of preformed fibrils reduces the ther-
modynamic barrier required for polymerization of proteins or
protein fragments containing polyQ tracts shorter than the
pathogenic threshold (e.g. Httexon1Q�35) (17).
It was previously reported that mammalian cells can inter-

nalize large fibrillar assemblies formed from synthetic Q44 pep-
tides (K2Q44K2) (17). Subsequent work from our laboratory
demonstrated that these fibrils are able to interact with and
nucleate specific homotypic aggregation of cytoplasmic fluo-
rescent protein “reporters” containing Q25 tracts that are too
short to form stable assemblies alone (18). These findings raise
important questions as to the mechanism by which protein
aggregates enter cells. In this study, we have investigated the
properties of aggregates, including the role of net charge and
fibrillar organization, and the properties of the cell surface
required for internalization of polyQ aggregates.

EXPERIMENTAL PROCEDURES

Aggregate Preparation and Labeling—Synthetic polyQ pep-
tides were assembled into fibrils as described previously (16,
17). Amorphous assemblies were obtained by solubilizing the
synthetic peptides in 50% TFA and 50% hexafluoroisopropyl
alcohol (4 mM), followed by a 40-fold dilution into distilled
water at room temperature. K2Q44K2 and D2Q44D2 assembly
was monitored turbidimetrically at 350 nm on a Hewlett-Pack-
ard 8453 diode array spectrophotometer using 1-cm path
length cuvettes.
Recombinant His-tagged maltose-binding protein-tobacco

etch virus-Httexon1Qn and maltose-binding protein-tobacco
etch virus-Qnwere purified from Escherichia coliwith amylose
resin and eluted with maltose. The maltose-binding protein
fusion was cleaved with tobacco etch virus protease at a mass
ratio of 5:1 for 1 h at 37 °C; bound to TALON resin (Clontech)
at 4 °C in 20 mM Tris-HCl (pH 7.5), 200 mM NaCl, and 10 mM

imidazole; and eluted in 20 mM Tris-HCl (pH 7.5), 200 mM

NaCl, and 200 mM imidazole. The eluate containing the
Httexon1Qn or Qn protein was filtered through a 0.2-�m filter,

FIGURE 1. Binding of synthetic polyQ fibrils to cells. A, binding of K2Q44K2 fibrils (1 �M) to mammalian cells. B, binding of K2Q44K2 fibrils (1 �M) to HEK cells at
25 and 4 °C. Error bars indicate S.E. AFU, arbitrary fluorescence units.

FIGURE 2. Effect of BSA and trypsin on polyQ fibril binding. A, binding of
K2Q44K2 fibrils (1 �M) to HEK cells after treatment of cells with 1% BSA or
trypsin. B, saturable binding of K2Q44K2 fibrils to HEK cells lifted with EDTA or
trypsin. C, competition for binding of Q44 fibrils to COS-7 cells lifted with EDTA
or trypsin. Error bars indicate S.E. for A and C, whereas B is the result of a single
experiment (n � 1). AFU, arbitrary fluorescence units.
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flash-frozen in liquid nitrogen, and stored at�80 °C. To assem-
ble the fibrils, the recombinant proteins were rapidly thawed at
37 °C and incubated at 37 °C until steady-state fibrillization had
been reached. For labeling, the fibrils were pelleted by centrif-
ugation, washed with 50 mM HEPES (pH 7.5), labeled with
Alexa Fluor dyes (Invitrogen) according to the manufacturer’s
protocol, and washed with 50 mM HEPES (pH 7.5).
Aggregate Acetylation—FITC-K2Q44K2 (1 mg) was dissolved

in hexafluoroisopropyl alcohol. Following evaporation under a
nitrogen stream in a 5-ml glass tube, the peptidewas dissolved in 1
ml of 0.3 M HEPES, and the pH adjusted to 8.5 using NaOH. The
glass tube was transferred to an ice bath, and 50�l of acetic anhy-
dridewasadded in10-�l aliquotsat10-min intervalswithconstant
stirring. The solution was then frozen in dry ice and lyophilized.
The pellet was washed twice with ethanol, dried, and dissolved in
50% TFA and 50% hexafluoroisopropyl alcohol.
Fibrillar acetylated FITC-K2Q44K2 assemblies were gener-

ated as described above following evaporation of the solvents.
The extent of acetylation was assessed by MALDI-TOF-MS
measurements on a Bruker OmniFLEX-NT system operated in
a reflectronmode using sinapinic acid as amatrix. Based on the
mass increase due to acetylation (42 Da), on average, three
lysines within K2Q44K2 were found acetylated.
Cell Culture—HeLa, HEK, Neuro-2a, U2OS, CHO, mouse

embryonic fibroblast, and COS-7 cells were grown in DMEM
supplemented with 10% FBS and penicillin/streptomycin. AtT-
20�5 cells (a kind gift from J. Schwarzbauer, Princeton Univer-
sity) (3) were grown in DMEM/nutrient mixture F-12 and
HEPES (Invitrogen) supplemented with 10% FBS, 10% horse
serum, 4 mM L-glutamine, and 0.25 mg/ml G418. Jurkat cells

were grown in RPMI 1640 medium supplemented with 10%
FBS and penicillin/streptomycin.
Electron Microscopy—Transmission electron micrographs

were acquired as described previously (18). Briefly, peptide or
protein aggregates were placed on carbon/Formvar-coated
copper grids (Electron Microscopy Sciences) and stained with
1% uranyl acetate in distilled water for 1 min. The grids were
analyzed at the Cell Sciences Imaging Facility at Stanford Uni-
versity using a JEOL 1230 electron microscope at an excitation
voltage of 80 kV.
Flow Cytometry—Adherent cells were detached with trypsin

or EDTA as indicated and resuspended in PBS at room temper-
ature unless indicated otherwise. Fluorescently labeled aggre-
gates were added to cells and analyzed at the indicated time
points using a FACSCalibur flow cytometer (BD Biosciences).
The cell population was gated by forward and side scatter, and
at least 10,000 cells per conditionwere recorded. The geometric
mean of the gated population was determined using FlowJo
software (TreeStar Inc).
Binding experiments were done after incubation of cells with

fibrils for 1–10 min on ice, which represented equilibrium
binding conditions. For experiments comparing Httexon1Q44
and Q44, a longer time course was used at 37 °C to observe the
reduced binding of Httexon1Q44 fibrils.
Competition Experiments—Recombinant polyQ fibrils

labeled with Alexa Fluor 488 were diluted in PBS to 2 �M in a
microcentrifuge tube on ice. Unlabeled polyQ fibrils were
diluted to 20, 50, and 100 �M in PBS in a microcentrifuge tube
on ice. �2 � 105 COS-7 cells were pelleted by centrifugation
after lifting either EDTA (10 mM in PBS) or trypsin (0.5 mg/ml

FIGURE 3. Effect of charge on polyQ fibril binding. A, transmission electron micrographs of charged and neutral synthetic Q44 fibrils. Scale bars � 0.5 �m.
B, binding of charged and neutral Q44 fibrils(1 �M) to HEK cells. C, binding of negatively charged D2Q44D2 fibrils (1 �M) to HEK cells treated with 1% BSA or
trypsin. Cell-associated fluorescence was normalized to the 0% BSA/EDTA sample. Error bars indicate S.E. AFU, arbitrary fluorescence units.
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in PBS) and washing with PBS. Labeled and unlabeled fibrils
were mixed immediately before addition to cells, and cells plus
fibrils were incubated on ice for �5 min, which represented
equilibrium binding conditions.
Nucleation Experiments—Nucleation experiments were per-

formed essentially as described (18). In summary, HEK cells
stably expressing mCherry fluorescent protein (chFP)-
Httexon1Q25 were grown on lysine-coated glass coverslips and
treated with synthetic FITC-labeled polyQ or Alexa Fluor 488-
labeled recombinant Httexon1Q44 and Q44 fibrils or amorphous
K2Q44K2 assemblies at 37 °C in DMEM/FBS. At the indicated
times, the coverslips were removed and washed with PBS, fol-
lowed by fixation with 4% paraformaldehyde (ElectronMicros-
copy Sciences or Sigma).
HeLa cells stably expressing chFP-Httexon1Q25were grown in

Lab-Tek 4-well chambered slides (Nunc) at 37 °C in DMEM/
FBS. At the indicated times, the cells werewashedwith PBS and
fixedwith 4%paraformaldehyde. Cells were permeabilizedwith
0.1% Triton X-100 and blocked for 1 h at room temperature
with 1% BSA in PBS. Subsequently, they were immunostained
with Living Colors anti-DsRed polyclonal antibody (Clontech)
at a dilution of 1:400 in blocking buffer andwith anti-rabbit IgG
conjugated to Alexa Fluor 594 (Invitrogen) at a dilution of
1:400. Cells were imaged on aZeiss Axiovert 200Mmicroscope,
and images were processed with NIH ImageJ software.

RESULTS

Cell Surface Properties That Contribute to Fibril Binding—
Toassess whether the ability to bind fibrillar protein aggregates
is a general property of mammalian cells, we incubated nine
different cell lines with fibrils prepared from FITC-labeled syn-
thetic K2Q44K2 peptides (Fig. 1A), generated as described pre-
viously (18). Each cell line bound a characteristic amount of the
fibrils, indicating that the capacity to interact with polyQ fibrils
is a general property of mammalian cells, although non-adher-
ent cells (AtT-20 and Jurkat) bound distinctly less. The reduced
binding capacity of these non-adherent cells was not directly
due to a deficiency in the adhesion protein fibronectin (Fn), as
Fn�/� mouse embryonic fibroblasts (19) bound similar
amounts of K2Q44K2 fibrils compared with Fn�/� mouse
embryonic fibroblasts (supplemental Fig. S1, A and E), and
binding of aggregates to AtT-20 cells, which are intrinsically
deficient in Fn (20, 21), was not enhanced by plating the cells on
Fn-coated culture dishes (supplemental Fig. S1, B and E). The
reduced aggregate-binding capacity of these non-adherent cells
was also not due to the absence of the Fn receptor, as overex-
pression of either�5 integrin (supplemental Fig. S1,C and F) or
�1 integrin (supplemental Fig. S1D) did not enhance the capac-
ity of integrin-deficient cells to bind K2Q44K2 fibrils. Thus, the
differing capacity of mammalian cells to bind fibrillar cationic
polyQ aggregates is unrelated to interactions between the
extracellular matrix protein Fn and its cognate receptor.
At room temperature, binding of K2Q44K2 fibrils to HEK

cells was rapid, with near maximal binding observed at 1 min.
At 4 °C, binding was slightly slower but reached comparable
levels by 2.5 min (Fig. 1B). All subsequent experiments were
performed at room temperature.

K2Q44K2 fibril binding was strongly reduced by treatment of
cells with trypsin (Fig. 2A), suggesting that cell surface proteins
contribute to aggregate-binding sites. In addition to our obser-
vations in HEK cells, we also observed a strong reduction in
binding with trypsin treatment in COS-7 and HeLa cells (data
not shown). Fibril binding was also reduced by inclusion of 1%
BSA, either when added to cells together with the fibrils (Fig.
2A) or by pretreatment of cells (data not shown), indicating that
low affinity nonspecific sites on the cell surface contribute to
aggregate binding. Increasing the concentration of BSA
beyond 5% did not further reduce binding of K2Q44K2 fibrils
(data not shown). The effect of BSA was not additive with
that of trypsin (Fig. 2A), suggesting that the proteinaceous
sites removed by trypsin are unlikely to constitute a unique
population of high affinity fibril-binding sites. Trypsin-sen-

FIGURE 4. Effect of charge on polyQ fibril internalization. A, fluorescence
micrographs of HEK cells expressing chFP-Httexon1Q25 and treated with
charged and neutral synthetic Q44 fibrils for 16 h at 37 °C. B, quantification of
HEK cells with focal chFP-Httexon1Q25 after treatment with synthetic Q44 fibrils
for the indicated times. Error bars indicate S.E.
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sitive binding of fibrils appeared to saturate at K2Q44K2 con-
centrations above 50 �M, whereas total binding exhibited
apparent saturation at concentrations above 100 �M (Fig.
2B), supporting the conclusion that aggregate binding to
HEK cells is dominated by proteinaceous sites. Unlabeled
fibrils competed for binding to trypsin-sensitive sites with an
apparent IC50 of �30 �M, representing an unlabeled/labeled
ratio of �15:1 (Fig. 2C). Together, these data indicate that
cell surface proteins contribute significantly to binding of
K2Q44K2 fibrillar aggregates to cells.

Effect of Net Charge on polyQ Fibril Binding and Inter-
nalization—To assess the effect of electrostatic interactions on
fibril binding, we prepared aggregates from synthetic Q44 pep-
tides flanked by strongly cationic (K2Q44K2), neutral (acety-
lated lysine; Ac-K2Q44K2), or anionic (aspartate; D2Q44D2)
amino acids. Examination of these fibrils by negative stain
transmission electronmicroscopy did not reveal significant dif-
ferences in either the dimensions or morphology of the fibrils
(Fig. 3A). The neutral Ac-K2Q44K2 fibrils bound toHEK cells to
the same extent as the cationic K2Q44K2 fibrils (Fig. 3B), sug-

FIGURE 5. Effect of flanking protein sequences on polyQ fibril binding and internalization. A, transmission electron micrographs of recombinant
Httexon1Q44 and Q44 fibrils. B, comparison of binding of Httexon1Q44 and Q44 fibrils to COS-7 cells after 24 h of treatment at 37 °C. C, time-dependent binding of
both Httexon1Q44 and Q44 fibrils to COS-7 cells. D, quantification of HeLa cells with focal chFP-Httexon1Q25 after treatment with Httexon1Q44 and Q44 fibrils for the
indicated times. E, fluorescence micrographs of HeLa cells expressing chFP-Httexon1Q25 and treated with Httexon1Q44 and Q44 fibrils for 24 h. Error bars indicate
S.E. AFU, arbitrary fluorescence units.
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gesting that electrostatic attraction does not contribute to a
significant extent to fibril binding. However, binding of nega-
tively charged D2Q44D2 fibrils was significantly reduced com-
paredwith that of positive or neutral fibrils in bothHEKcells (Fig.
3B) andCOS-7 cells (data not shown). D2Q44D2 fibril bindingwas
reduced by �80% by BSA, similar to the behavior of K2Q44K2
fibrils (Fig. 3C). However, no significant effect on D2Q44D2 fibril
binding was observed upon treatment of cells with trypsin (Fig.
3C).Thesedata suggest that, althoughelectrostatic interactionsdo
not contribute to cell surface binding of polyQ fibrils, binding can
be disrupted by repulsion between negatively charged aggregates
and the net negative charge of the cell surface.
To determine the extent to which fibril charge affects cyto-

plasmic entry, we treated cells expressing soluble mCherry-la-
beled Htt exon 1 with 25 glutamines (chFP-Httexon1Q25) with
neutral or negatively charged FITC-labeled Q44 fibrils (Fig. 4).
Puncta containing both green and red fluorophores were
observed as early as 1 h following aggregate addition. All three
(i.e. with positive, neutral, and negative net charges) types of
fibrils were competent to nucleate the cytoplasmic chFP-
Httexon1Q25 reporter (Fig. 4A), and consistent with the binding
behavior, the neutral and positively charged fibrils induced for-
mation of puncta with similar time courses, whereas the nega-
tively fibrils nucleated cytoplasmic aggregation more slowly,
ultimately reaching similar levels by 17 h (Fig. 4B). These data
suggest that fibrillar species are able to enter cells and nucleate
cytoplasmic aggregation irrespective of charge.
To assess the contribution of the protein context of fibrillar

polyQ to its ability to bind and enter cells, we generated fi-
brils from bacterially expressed recombinant Htt exon 1
(Httexon1Q44). Although these fibrils were similar in overall
shape (Fig. 5A) and length (supplemental Fig. S2) to recombi-

nant Q44 aggregates, they were greatly reduced in the ability to
interact with cells (Fig. 5B), although the small amounts that
bound did so with similar kinetics to aggregates prepared from
pure Q44 (Fig. 5C). Some morphological differences were
observed between these fibrils and fibrils obtained from syn-
thetic polyQ peptides. This is likely due to the effect of sonica-
tion, which was performed prior to transmission electron
microscopy of recombinant (but not synthetic) polyQ fibrils.
Indeed, when synthetic polyQ fibrils were sonicated, smaller
fibrils were observed that more closely resembled recombinant
polyQ and Httexon1Q44 fibrils. Both Httexon1Q44 and Q44 fibrils
were internalized into HeLa cells and nucleated cytoplasmic
chFP-Httexon1Q25; however, consistent with the binding data,
the amount of internalization was drastically reduced with
Httexon1Q44 fibrils (Fig. 5, D and E). These data demonstrate
that recognition of the polyQ structure on amyloid fibrils by the
cell surface can be strongly influenced by flanking sequences
that distinguish Htt exon 1 from pure polyQ.
To determine whether the fibrillar state is a requisite for

binding of polyQ aggregates, we generated non-fibrillar (amor-
phous) K2Q44K2 aggregates (Fig. 6A). CD spectroscopy showed
that fibrillar assemblies had high �-sheet content, whereas
amorphous aggregates were composed primarily of�-helix and
random coil (supplemental Fig. S3). COS-7 cells bound amor-
phousK2Q44K2 aggregates to a far lesser extent than their fibril-
lar counterparts (Fig. 6B), suggesting that the organized
�-sheet-rich assemblies are essential for the binding of polyQ
aggregates. Furthermore, consistent with the reduced binding of
amorphous K2Q44K2 aggregates to COS-7 cells, reduced internal-
ization and nucleation of cytoplasmic chFP-Httexon1Q25 in HEK
reporter cells were observed (Fig. 6C), suggesting that fibrillar

FIGURE 6. Effect of structure on polyQ fibril binding and internalization. A, transmission electron micrographs of fibrillar and amorphous K2Q44K2 aggre-
gates. B, binding of fibrillar and amorphous K2Q44K2 aggregates to COS-7 cells (p � 6 � 10�5). C, quantification of HEK cells with focal chFP-Httexon1Q25 after
treatment with fibrillar and amorphous K2Q44K2 aggregates for 16 h (p � 0.002). Error bars indicate S.E.
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�-sheet-rich assemblies nucleate soluble Httexon1Q25 more
efficiently.

DISCUSSION

It is becoming increasingly evident that many neurodegen-
erative diseases, including Alzheimer and Parkinson diseases,
spread through the brain by a non-cell autonomous process
that appears to share key features with prion infectivity (6,
9–11). Prions are composed of fibrillar amyloid aggregates rich
in �-sheet structure that are able to act as seeds or templates to
grow by monomer addition (5, 7). Intracellular protein aggre-
gates, such as those composed of �-synuclein, tau, and Htt, are
linked to diseases not traditionally associated with prions yet
nonetheless share similar biophysical properties that underlie
prion infectivity. This raises the possibility that their spread
within the brain could account for some of the non-cell auton-
omous properties associatedwith disease pathogenesis. For this
mechanism to contribute to disease progression, aggregate
seeds that are released from cells must be able to enter neigh-
boring or synaptically connected cells and gain access to the
cytoplasm, where they can nucleate the aggregation of endog-
enous proteins that share a common aggregation-prone
sequence. In this study, we have begun to define the properties
by whichmammalian cells are able to internalize fibrillar polyQ
protein aggregates. Our data establish that binding of polyQ
aggregates is a property common to all mammalian cell types
examined and ismediated primarily by saturable proteinaceous
sites on the cell surface.
The finding that aggregate binding can be strongly dimin-

ished by pretreatment of the cell surface with BSA suggests that
a substantial fraction of aggregate binding is mediated by non-
specific sites on the cell surface. That the effect of BSA is not
additive with that of trypsin suggests that the sites blocked by
BSA are proteinaceous and are likely to include the trypsin-
sensitive sites that are saturable and can be out-competed by
unlabeled fibrils. Our data indicate that binding is not domi-
nated by electrostatic attraction but can be diminished by
charge repulsion between negatively charged aggregates and
the negatively charged cell surface.
The dramatic difference in binding observed between fibril-

lar and amorphous polyQ aggregates suggests that the primary
surface of interaction of aggregateswith the cell surface ismedi-
ated in some way by the regular repeating structure of the
polyQ amyloid. Furthermore, sequences that flank the polyQ
amyloid structure, such as the N and C termini of Htt exon 1,
can dramatically interfere with the binding of the polyQ amy-
loid. The polyQ tract in the context of Htt exon 1 is flanked by
amoderately hydrophobic 17-amino acid N-terminal sequence
that adopts an �-helical conformation in fibrils (22) and a
C-terminal proline-rich domain of indeterminate structure.
The N-terminal segment strongly influences the kinetics of
polyQ aggregation (22, 23) but not the �-sheet-rich amyloid
structure of the neighboring polyQ region (22). Further studies
will be required to determine the extent to which the reduced
binding capacity observed for the Htt construct is due to the
steric or screening effect of the N- or C-terminal extensions.
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